The synthesis, spectroscopic characterization and crystal structures of new C-nitrosoaryl complexes of iridium(III) and rhodium ( (8a)]. All new compounds were characterized by their melting points, NMR, IR and mass spectra as well as in selected cases by UV/Vis spectroscopy. The X-ray structure analyses revealed a slightly distorted pseudo-octahedral configuration ("three-legged pianostool") and σ -N coordination of the C-nitroso ligand.
Introduction
Aromatic compounds containing a C-nitroso group have been known for over 130 years. The first examples were already published in 1874 by A. von Bayer [1 -3] . However, coordination to metal centers was not reported before 1907 [4] . Since these early attempts various synthetic routes to high-yield preparations of C-nitroso compounds were developed [5, 6] . Current reviews show the constant interest in this field of research during the last decades [7] . Not only due to its rich coordination chemistry with eleven different main coordination modes to metal centers [8, 9] , the family of C-nitroso compounds has been investigated extensively. Also the possible applications in organic synthesis [10] , for example the nitroso ene [11] or nitroso Diels-Alder reaction [12 -14] attracted attention. The most important properties of the NO function for these applications are the high reactivity based upon the polarization of the N-O bond and the specific structure in the equilibrium between nitroso monomer and azodioxy dimer which leads to a unique chemo-and regioselectivity [10] . Since the discovery of the important roles of C-nitroso derivatives in various biological processes [15 -23] , their significance is also affirmed in biochemistry.
This article now is concerned with the coordination of N,N-dimethyl-4-nitrosoaniline (3) and N,Ndiethyl-4-nitrosoaniline (4) to Ir(III) and Rh(III) complexes. These aromatic C-nitroso compounds show remarkably high reactivity because the amino group in para-position increases the electron density at the NO function [24] . Complexes containing these ligands are known for different metal centers and coordination modes as published by our group [25, 26] and others [8, 9] . However, examples for these or comparable aromatic C-nitroso ligands coordinated to Ir or Rh centers are rare in literature [27 -39] . Besides our own results [36] , the available crystallographic data for monodentate σ -N-coordination is limited to only two Rh(I) complexes [30, 32] . In fact, the new complexes presented in the following are the results of preliminary research to our recently published work on 1,4-bis(4-nitrosophenyl)piperazine as a bridging ligand [36] and are the only further examples for crystallographically characterized Ir(III) and Rh(III) complexes containing monodentate σ -N-coordinated aromatic C-nitroso ligands. Scheme 1. Synthesis of the new iridium(III) (5a-c, 6a-c) and rhodium(III) (7a, 8a) complexes with 3 or 4 as ligands.
Results and Discussion
The new mononuclear complexes [(η 5 - (4) to the µ 2 -halogenido-bridged Ir(III) (1a-c) or Rh(III) (2a) dimers in Et 2 O or CH 2 Cl 2 , respectively, leads to their nucleophilic cleavage and yields the monosubstituted products. These are obtained as red (5a, 6a, 7a, 8a) or green (5b, 5c, 6b, 6c) microcrystalline solids and are stable when exposed to air. They show good solubility for instance in dichloromethane or chloroform and are insoluble in n-pentane.
Mass spectra of the iridium(III) complexes 5a-c and 6a-c in (+)-FAB mode exhibit the parent peak [M] + as well as a similar fragmentation resulting from the loss of the halogenido and nitroso ligands. Mass spectra ((+)-FAB mode) of the rhodium(III) compounds 7a and 8a lack the [M] + peak, but show also the typical fragmentation pattern starting with [M-Cl] 
In the 1 H NMR spectra of 5a-8a the N-alkyl substituents are detected at the same positions as measured for the uncoordinated ligands (N-Me: 3.14(s) ppm; N-Et: 1.26 (t), 3.47(q) ppm). The signal of the Cpmethyl groups of 5a-8a is located in the range of 1.52 -1.82 ppm and shows a weak coordinationinduced shift (0.05 -0.10 ppm) to higher field compared to the starting complexes 1a-2a. Due to rotation about the N2-C4 bond the proton signals of the aromatic ring are observed relatively broad; in particular for the protons in ortho-position of the nitroso group (H3, H5; 7.91 -9.02 ppm) they are stretched at room temperature over a range of nearly 1.0 ppm. "Freezing" the rotation by a measurement at −60 • C leads to a significant splitting of the broad signal (5c: 7.24 and 9.01 ppm; ∆ = 1.77 ppm) as depicted for 5c in Fig. 1  (A, B) . This splitting is induced by the large magnetic anisotropy of the NO group and known for aromatic nitroso compounds [40, 41] . The peak at 9.01 ppm is clearly ascribed to the "anti-position" of the nitroso-O atom (H5) because of the strong deshielding effect of the functional group for this proton [41] . Similar effects appear in the 13 C NMR spectra of 5a-8a. The carbons in ortho-position of the nitroso group (C3, C5; about 132 ppm) are observed as extremely broad signals for the iridium(III) complexes (5a-c, 6a-c) and are not detectable for the rhodium(III) compounds (7a, 8a). Again, in low temperature measurements (−60 • C) this very broad signal splits (5c: 122.6 and 140.9 ppm; ∆ = 18.3 ppm), and additionally even the peaks for C2 and C6 are separated (5c: 108.1 and 112.2 ppm; ∆ = 4.1 ppm) ( Fig. 1: C, D) . In both cases the signal found at lower field of each pair is ascribed to the deshielded anti-position to N = O [41] . Assignment of the peak in the range of 162.7 -164.5 ppm to C4 (ON-C q ) and the one at about 155 ppm to C1 (N-C q ) was done according to Gowenlock et al. [42 -44] . All other carbon signals are observed within the expected ranges.
In the IR spectra of 5a-8a weak ν(C-H) absorptions are detected in the range of 3100 -2800 cm −1 for all complexes. Within the fingerprint area (wavenum- This only small decrease in wavenumbers lies in the expected range for σ -N coordination of C-nitroso compounds [9, 47] . On account of the intense red color of the products in solution, UV/Vis spectra of 5a, 5b and 6a in dichloromethane were recorded ( Table 1) . Two of the absorptions are already observed in the ligand spectra and show no significant shift in wavelength. λ max 1 is ascribed to a π-π * absorption of the nitroso aniline and keeps its intensity after coordination. By contrast, λ max 2 looses intensity, as it originates from an intramolecular CT absorption of this "pushpull" ligand. The third band is tentatively ascribed to a ligand-to-metal CT absorption of the type [ONIr/Rh III ] (Ir/Rh III is low-spin t 2g 6 ) and shows a weak shoulder at about 650 nm (most likely n-π * ) with no distinct maximum.
Single crystals suitable for X-ray diffraction analysis were obtained by slow isothermic diffusion of n-pentane into solutions of the complexes in chloroform (5a, 6a, 6b, 7a, 8a) or dichloromethane (5c, 6c). Selected bond lengths and angles are listed and compared with those of ligands 3 [48] and 4 [46] in Table 2 . Crystallographic data and details of the structure refinements are summarized in Table 3 . Only two of the complexes are depicted as examples with atom numbering in Figures 2 (6a) and 3 (7a). The coordination sphere ("three-legged pianostool") of each metal center consists of one pentamethyl-η 5 -cyclopentadienyl, two terminal halogenido ligands and the σ -N-coordinated nitroso ligand. The M-X bond lengths in 5a-8a are slightly longer than those found for the terminal halogenido ligands in the starting complexes (1a: 2.387(4)Å [49] ; 1b: 2.5195(2)Å [50]; Table 2 . Selected bond lengths (Å) and angles (deg) of the ligands 3 [48] and 4 [46] and the complexes 5a, 5c, 6a-c, 7a and 8a. (Table 2 ; only exception 7a: N2-M-X2) and prove the only slight distortion of the pseudo-octahedral geometry. The Ir-N bonds observed in 5a, 5c and 6a-c are in the range 2.054(2)-2.087(3)Å and therefore somewhat longer than reported for 1-chloro-2-nitroso-1,2-dihydrodicyclopentadiene σ -N coordinated to Ir(III) (1.948(6)Å) [52] , but similar to that of our own recently published dinuclear Ir(III) complexes (2.061(4)-2.088(3)Å) [36] . Crystallographic data for C-nitroso ligands with σ -N coordination to Rh(III) are not available from other groups. Structure determinations are only known for ligand 3 (Rh-N 2.050(4)Å) [32] or 1-bromo-4-nitrosobenzene (Rh-N 1.958(3)Å) [30] at Rh(I) centers. Again the Rh-N bond lengths observed in 7a (2.1069(18)Å) and 8a (2.086(3)Å) are slightly longer and in good accordance to our results for 1,4-bis(4-nitrosophenyl)piperazin (2.097(2)Å) [36] . Thus, the M-N bond lengths found in 5a-8a are close to those observed in Rh(III) or Ir(III) complexes with bidentate sp 2 -N-donor ligands [53 -57] . Due to the limited quality of the structural data of ligand 3 the obtained complexes are better compared with ligand 4 (although both ligand data sets are listed in Table 2) . A comparison shows that there are only minor structural changes within the ligands after coordination. The N = O bond length is only marginally increased, and the quinoid Table 3 . Crystal data and details of structural refinement on 5a, 5c, 6a-c, 7a
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P1 ( The structure determination of 8a was added as proof of the coordination but should not be used for a detailed discussion of the bond lengths and angels because the final refinement (see wR2 values) was relatively poor. (4)
contribution to the aromatic ring is stronger. This is indicated by shorter N2-C4 and C2-C3 bonds and elongated C3-C4 bond lengths (Table 2) . In all new complexes the NO function as well as the alkyl groups are located within the phenyl plane with only small deviations. It should be mentioned that the ethyl groups show the sterically preferred trans-configuration in uncoordinated 4 and in 6b, 6c and 8a. In the crystal structure of 6a embedded CHCl 3 leads to a relatively small intermolecular distance and cis-configuration of the ethyl groups of one of the two complex molecules in the asymmetric unit (Fig. 2) .
Conclusion
In this paper we have presented the synthesis, spectroscopic properties and X-ray structures of new iridium(III) and rhodium(III) complexes containing N,Ndialkyl-4-nitrosoanilines (alkyl = methyl, ethyl) as monodentate σ -N ligands. NMR studies indicate that the well known NO rotation for C-nitroso compounds persists for these complexes in solution at room temperature, although the crystallographic characterization proves that the quinoid contribution to the aromatic ring of both N,N-dialkyl-4-nitrosoanilines is even increased after coordination. These interesting Fig. 3 . Molecular structure of the rhodium(III) complex 7a. The displacement ellipsoids are drawn at the 50 % probability level. Hydrogen atoms are omitted for clarity. spectroscopic properties and the high reactivity of these ligands induced by the amino group in paraposition to the NO function makes them promising candidates for the cleavage of many other halogenido or analogously bridged transition metal complexes.
Experimental

General
All experiments for the preparation of the new complexes were performed under dry argon atmosphere using Schlenk and vacuum-line techniques. The starting complexes [(η 5 -C 5 Me 5 )IrX 2 ] 2 (X = Cl (1a) [58] , Br (1b) [59] , I (1c) [60] ) and [(η 5 -C 5 Me 5 )RhCl 2 ] 2 (2a) [60] were prepared according to literature methods. N,N-Dimethyl-4-nitrosoaniline (3) and N,N-diethyl-4-nitrosoaniline (4) were commercially available and used as purchased. Solvents were purified by standard procedures; dichloromethane was distilled from calcium hydride, diethyl ether from sodium pieces and n-pentane from lithium aluminum hydride. Chloroform was dried dynamically in a column with 3Å molecular sieves. All dried solvents were stored under dry argon atmosphere with 3Å molecular sieves (chloroform, dichloromethane) or sodium pieces (diethyl ether, n-pentane).
Melting points were determined using a Büchi MeltingPoint B-540 apparatus and are uncorrected. UV/Vis data were recorded with a Perkin Elmer Lambda 16 instrument in CH 2 Cl 2 in the range of 250 -800 nm. IR spectra were measured in the range of 4000 -400 cm −1 ; in solution with a Perkin Elmer Spectrum One FT-IR spectrometer and in the solid state using a Jasco FT/IR-460Plus instrument equipped with MIRacle TM ATR (diamond cell) from PIKE Technologies. NMR spectra were obtained with Jeol Ecplise 270, Jeol Ecplise 400 and Jeol EX 400 spectrometers at ambient temperature unless stated otherwise. All chemical shifts δ are given in parts per million (ppm) relative to TMS. Mass spectra were obtained with a Jeol MStation JMS-700 in (+)-FAB mode with NBA (3-nitrobenzyl alcohol) matrix. Multiisotopic fragments are referred to the isotope with the highest abundance. Elemental analyses were performed by the Microanalytical Laboratory of the Department of Chemistry using a Heareus elementar varioEL instrument.
Synthesis of the iridium(III) complexes 5a-c and 6a-c
The dimers [(η 5 -C 5 Me 5 )IrX 2 ] 2 [ X = Cl (1a), Br (1b), I (1c)] and six equivalents of ligand 3 or 4 were dissolved in 50 mL of dry Et 2 O and stirred at room temperature. The solvent showed a dark-red color instantly. After the reaction was completed (see time below) the precipitate was filtered off and washed with dry Et 2 O several times (till the filtrate is nearly colorless) to remove excess ligand. The resulting product was dried in vacuo for 12 h at 50 • C. generator using graphite-monochromatized Mo K α radiation (λ = 0.71073Å). All structures were solved by Direct Methods with the SHELXS [61] software and refined by full-matrix least-squares on F 2 with SHELXL-97 [61] using anisotropic displacement parameters for all non-hydrogen atoms. All hydrogen atoms were calculated in ideal positions as riding atoms (except hydrogen bonds in 6a) by using isotropic displacement parameters. The structure determination of 8a was added as proof of the coordination but should not be used for a detailed discussion because the final refinement R values were relatively poor.
CCDC 881822-881828 (see Table 3 ) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/ cif.
